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Ford Doolittle grew up in Urbana,
Illinois, and obtained
undergraduate and graduate
degrees, respectively, at Harvard
and Stanford (the latter with
Charley Yanofsky). After a postdoc
with Norm Pace, he moved to
Canada, taking a position at
Dalhousie University in Halifax. He
has been there ever since, for the
last 17 years as a Fellow of the
Canadian Institute for Advanced
Research, and Director of its
Program in Evolutionary Biology.
His experimental research has
focused variously on proving the
endosymbiotic origin of plastids,
developing the molecular biology
of cyanobacteria and genetics of
haloarchaea, probing origins of
eukaryotes, and now exploring
microbial environmental genomics.
He also theorizes about such
molecular evolutionary topics as
‘selfish DNA’, the origins of introns
and molecular complexity, lateral
gene transfer and the meaning of
phylogeny. In his spare time, he
attends the Nova Scotia College of
Art and Design.
How did you get into biology?
Necessity and chance. The
necessity was Sputnik I — the first
artificial satellite, launched by the
Soviets in 1957 — which went up
when I was a junior in high school
and leaning towards literature.
Science and engineering suddenly
became the only patriotic choices
for red-blooded American boys.
The chance was that my best
friend, Will, was the son of Sol
Spiegelman, one of molecular
biology’s most charismatic
figures. Sol gave me summer jobs
washing dishes and growing E.
coli. The energy and dedication in
his lab were infectious, and I
caught them. Still, I was equally
drawn to literature, and when I
entered college I applied for
seminar programs in English and
Biochemistry. I didn’t get into the
one in English — so here I am.
Are you happy with this
‘choice’? Absolutely. Looking
back, the first three decades after
the discovery of the structure of
DNA have to have been the most
exciting in all of biology’s and
maybe all of science’s history. I’ve
had the privilege of participating in
some and observing it all. The
molecular biology of the late fifties
and sixties was an enterprise of
astonishing elegance and
intellectual purity. Re-reading
papers from that era can move me
to tears. The last two decades
have been pretty interesting too,
but there has been a sea change I
don’t much like.
What single paper has
influenced you most? Gould and
Lewontin’s ‘Spandrels of San
Marco’ (Proc. R. Soc. Lond. B.
Biol. Sci. 205, 581–598, 1979). It
encouraged me to add non-
adaptationism to my instinctive
reductionism, not the usual
combination for molecular
biologists, and one perhaps seen
as simple orneriness by my
colleagues. I’m always looking for
explanations at lower levels but,
among those, for the merely
historical or contingent — forces
often over-looked or under-
invoked in this field. I try to find
alternatives to the standard
evolutionary explanations for
biological patterns and processes,
in part because I believe that
scientists are as liable as other
humans to cling to dominant
theories or attitudes, even when
obvious alternatives become
equally tenable. And in part
because it’s fun!
Is your current advocacy of
lateral gene transfer an
example of such orneriness?
Initially, I only wanted to point out
how interesting the consequences
for phylogeny would be if lateral
gene transfer were a major
evolutionary force. Now almost
everyone believes it indeed is
such a force, perhaps in the long
run the dominant one, for
prokaryotes. The issues fascinate
me: it’s challenging to determine
just how extensive transfer has
been and exciting to document
individual cases, while the debate
over gene transfer shows how
strongly unstated philosophical
commitments can influence how
we collect and interpret hard
facts. It’s possible, though far
from proven, that every gene in
every modern genome has at
least one inter-species transfer in
its 3–4 billion year history of
descent. For me, that would
radically deconstruct the Tree of
Life, but for others (I’m thinking
particularly of Gary Olsen) the tree
could remain a valid historical
entity — however difficult to
reconstruct. This difference in
viewpoint embodies the puzzle of
identity and persistence called by
philosophers the ‘Ship of
Theseus’ problem. Planks on
Theseus’ ship were replaced one-
by-one when they rotted, until
finally all were new. Meanwhile a
second — less sea-worthy — ship
was built just down the shore,
from the old planks. Which, if
either, was then the real Ship of
Theseus? Someday — I hope —
we will find a prokaryote, half of
whose genes have closest
matches in Bacteria, the other
half having best hits in Archaea.
The ensuing heated debate over
whether it really is a bacterium or
an archaean will be a Ship of
Theseus debate (and
unresolvable). It will be between
those who believe that the goal of
prokaryotic systematics is to
discover what organisms truly are
and those, like me, who hold that
the goal can only be a practical
one — deciding what to call them.
What’s next for you? I’m
convinced that phylogeneticists
should now start thinking like
population geneticists, and I in
particular want to retrain as a
microbial environmental
genomicist. Enough sequence
information of the sort Ed DeLong
is now collecting — large insert
clones of DNA straight from the
environment — will allow us to
begin to construct global (in
several senses) models for
prokaryote genome evolution that
will radically shake up our
understandings of ‘adaptation’,
‘speciation’ and ‘biogeography’, at
least as these terms apply to
prokaryotes. Gene transfer will be
a big part of the picture. Whether
it will ever seem appropriate or
useful to model all prokaryotes as
a single ‘species’, as Sorin Sonea
suggested decades ago, I don’t
know.
So now you’re a genomicist?
We’re all genomicists now.
Whether we like it or not, biology
has been transformed. The part to
like is how we can actually
imagine doing this astounding
type of global biology. The part
not to like is how political and
economic pressures impinge on
such megaprojects. Because
genomics is so expensive, we’re
forced to manage science almost
as if it were business. This is what
governments actually want,
because they’ve lost faith that
‘curiosity-driven’ research can
deliver the goods, and are rapidly
redefining what those goods
should be. It’s ironic that as
economic markets become ever
freer, the free marketplace of
ideas is increasingly constrained,
by demands for strategic
relevance and accountability.
That’s the sea change I referred
to earlier. Economies are vital but
so is a deeper understanding of
the universe and our place in it,
which has always to me been the
first goal of science. We need to
make sure that society, in its
eagerness to harvest the fruits of
knowledge, still nurtures the tree
and supports ‘science for
science’s sake’.
Is Science like Art, then? In its
potential purity of motive, I think
so, and in its internal enemies,
which are laziness and self-deceit.
The big difference, in my view, is
that scientists are not supposed to
be too deliberately playful with
their audience, not supposed to
speculate wildly in order to
evaluate the response. That’s what
artists must do to survive, and I
think we could learn from them.
Data are always data and must
always be reported straight and
fully, but we constrain our
interpretations of them too tightly,
for fear of appearing un-objective
or un-authoritative. In fact it is the
scientific community that has the
authority, not us as individuals,
and we should trust and respect it.
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Essay
Systems
neurobiology
without 
backbones
Ralph J. Greenspan
Back in the days when
Introductory Biology courses
consisted of botany and zoology
(about 25 B.C. — Before Cell) the
mainstay of the invertebrate half of
zoology was R.M. Buchsbaum’s
classic work ‘Animals Without
Backbones’ [1]. This book’s
elegantly engraved figures of
coelenterates, annelids and
crustaceans made the creatures
look a good deal more attractive
on the page than they did in the
dissecting trays that constituted
the laboratory portion of the
course. The exposure in these
courses, coupled with the odd
encounter on the beach or when
digging in the garden, accounted
for most of a student’s experience
of the invertebrate world.
At the same time as mid-century
students were learning that
invertebrates had open circulatory
systems, hard or slimy exteriors,
and wonderfully varied body plans,
various members of the
subkingdom were playing a pivotal
role in the history of neurobiology.
A short list of some of the most
notable discoveries and advances
that have become part of the
canon would have to include: the
first recording from a
photoreceptor cell (horseshoe
crab); the first voltage clamp of an
axon (squid); the first report of
presynaptic inhibition (crab); and
the first report of an electrical
synapse (crayfish). All of these
‘firsts’ solved problems or
identified properties that had
immediate and lasting relevance to
all brains, whether attached to a
backbone or not.
Then came the ‘identified cell’
approach, which became the
mantra of invertebrate
neurobiology for the next few
decades [2]. The name refers to the
ability to record isolated responses
from individual cells and to know
where to find those cells in any
individual. As a means of
understanding the parameters
governing an individual cell’s
physiology or the delineation of
particular circuits — by ‘circuit-
breaking’ — it was unequalled by
anything in the vertebrate world
(with the possible exception of
Mauthner cell recordings in fish).
And as long as the contribution of
an individual neuron to a specific
circuit was considered to be stable
and predictable, it held sway. But
as the stability and predictability of
a given cell’s role in its network
came into question, the identified
cell approach lost some of its
luster. Moreover, as a strategy for
understanding the large-scale
interactions among many hundreds
or thousands of cells — a principal
goal of mammalian neurobiology —
it was not even in the running. 
In a return to the spirit of
Buchsbaum, invertebrates have
also been touted for their exotic
specializations: their odd
adaptations of sensory and motor
systems to particular ecological
niches. The courtship song of the
cricket, motion detection by the fly
visual system, swimming in the
leech and aggressive displays in
the lobster exemplify some of the
most informative of these
specializations. Invertebrates have
not, however, been suggested as a
means to unravelling mechanisms
of complex function that are
relevant to human cognition. Those
issues have traditionally been the
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